The Mouse Defense Test Battery was developed from tests of defensive behaviors in rats, reflecting earlier studies of both acute and chronic responses of laboratory and wild rodents to threatening stimuli and situations. It measures flight, freezing, defensive threat and attack, and risk assessment in response to an unconditioned predator stimulus, as well as pretest activity and postthreat (conditioned) defensiveness to the test context. Factor analyses of these indicate four factors relating to cognitive and emotional aspects of defense, flight, and defensiveness to the test context. In the Mouse Defense Test Battery, GABA A -benzodiazepine anxiolytics produce consistent reductions in defensive threat/attack and risk assessment, while panicolytic and panicogenic drugs selectively reduce and enhance, respectively, flight. Effects of GABA A -benzodiazepine, serotonin, and neuropeptide ligands in the Mouse Defense Test Battery are reviewed. This review suggests that the Mouse Defense Test Battery is a sensitive and appropriate tool for preclinical evaluation of drugs potentially effective against defense-related disorders such as anxiety and panic. D
Defensive behaviors

Phenomenological status
The unconditioned defensive behaviors of rodents appear to consist of at least the following: flight, hiding, freezing, defensive threat, defensive attack, and risk assessment. Undoubtedly, more such defensive behaviors remain to be discovered or analyzed. These are species-typical (i.e. typically expressed by individuals of those species under appropriate circumstances) but not species-specific: they occur in much the same form across a variety of mammalian species (Blanchard et al., 2001) . The statement that these are unconditioned reflects that each behavior can be elicited in wild rats or wild mice (and with partial exceptions to be noted later) in laboratory or domesticated strains of rats and mice without prior relevant experience (see Blanchard, 1997 for review of behavioral analyses).
In these animals, the occurrence of defensive behaviors is strongly associated with threatening events. Confrontation with a predator or unconditioned predator stimuli such as odors; salient and unexpected stimuli such as loud noises, sudden motion, or air puffs; and novel situations, high places, or moving substrate (e.g. Blanchard and Blanchard, 1972; Endler et al., 1986; King, 1999) can all elicit defense, as can stimuli or situations associated with pain. The relationship between defense-eliciting stimuli/situations and the particular defensive behaviors that are elicited is complex, but relatively clear. Manifest and tangible threat stimuli tend to elicit flight when an escape route is available, hiding if there is a place of protection or concealment and freezing when neither of these features is present. As these threats approach and contact the animal, they elicit first defensive threat (e.g. sonic vocalizations) and then defensive attack.
Threat stimuli may also elicit patterns of risk assessment. These may include orientation to the threat source, sensory scanning (sniffing and auditory and visual scanning, marked by side-to-side head sweeps), and approach/investigation. Both the motionless orientation phase and the approach phase of risk assessment are marked by low-back, stretched posture or movement, respectively, that appear to permit investigation of the threat source while minimizing the probability that the animal will be detected by the threat. In line with this view, movement during the ''stretchapproach'' phase of risk assessment is punctate, marked by periods of motionlessness interspersed with rapid, stealthy movement. Pinel and Mana (1989) have shown that this activity is associated with gathering of information about the threat source.
Evolutionary status
While defensive behaviors have not been so systematically investigated in nonrodent species, there are a number of studies or observations of specific defenses in other mammals as well as inframammalian species (Edmunds, 1974) , supporting a view that the particular defensive behaviors discussed here are not ''species-specific.'' Briefly, the most primitive mammals, the monotremes, display immobility and hiding (rolling into a ball, digging holes, and hiding there; echidnas), flight, and defensive threat and attack (platypuses). Marsupials may also show flight or freezing as well as defensive threat and attack, and these appear under circumstances similar to those that control these same behaviors in rats and mice. Such similarities in the descendants of animals (the ancestors of monotremes and marsupials) from which placental mammals had diverged by about 135 million years ago (Eisenberg, 1981) support an ethological concept of behavioral ''homology'' that provides a strong argument against the view that these core defensive behaviors are specific to any particular species.
Among placental mammals, habitat and food preference specializations have led to differential emphasis on particular defensive behaviors. Thus, for the most part, ungulates rely largely on flight as a defense (Edmunds, 1974) , while cats are particularly noted for defensive threat (the familiar ''Halloween cat'' display) and a very potent form of defensive attack (Leyhausen, 1969) . Nonetheless, both ungulates and cats show a full range of defenses. Similarly, while the concept of risk assessment is relatively new in the experimental animal behavior literature, a related set of behaviors, collectively labeled ''vigilance,'' has long been used to describe an array of activities aimed at localizing and identifying threat in both birds and mammals (e.g. Treves, 1999) .
Although evolutionary conservatism of a range of defensive behaviors contributes to the scientific importance of their investigation, in the specific context of pharmacology the most important is similarity of behaviors-and their biological mechanisms-between species in which a wide variety of experimental procedures are feasible, and humans. Systematic experimental studies of human defensive behaviors would involve a range of legal and ethical problems, and these studies have not yet been done. However, a recent attempt to determine ''first-choice'' defensive behaviors to threat stimuli and situations described in scenarios provides considerable support for a view that people utilize flight, hiding, freezing, defensive threat/attack, and risk assessment extensively in dealing with threat. Moreover, hypotheses concerning the relationship of threat stimulus/situational characteristics and specific defensive behaviors, based on rodent experiments, were strongly supported by this study of human response choices (Blanchard et al., 2001) . While this study says nothing about the biological mechanisms involved, it does provide some assurance that despite the enhanced array of human social, verbal, and technological defenses, there remains considerable conservation of infrahuman mammalian defenses in the normal human defense repertory.
Development of the Mouse Defense Test Battery
The Fear/Defense Test Battery
The same research that described defensive behaviors in laboratory rodents also yielded the first test situations for analysis of drug effects on these same responses. In particular, a long (6 m), oval runway apparatus utilizing a human experimenter as the threat stimulus was developed in order to permit the adequate expression of flight behaviors in wild rats (Rattus norvegicus). These animals, both wild-trapped or first-generation laboratory-bred, show a very high probability of rapid flight to an oncoming human when flight is possible, but switch abruptly to freezing when the closure of a door changes the oval (endless) runway to a straight alley. The selectivity of this change is notable, from about 97% flight responses in the runway to virtually 100% freezing (at close distances) in the straight alley. As the threat approaches freezing. Increases up to about 1-m distance when defensive threat abruptly appears, followed by defensive (jump and biting) attack as contact between threat and subject becomes imminent.
Laboratory rats (Long -Evans strain) ran in this same test showed the same range of behaviors but with substantial differences in the magnitude of some of these. The most dramatically different behavior was defensive attack (biting), which declined from near maximal levels in wilds to zero in response to stimulus contact (touch). The statement that this had not totally disappeared in the lab rats is supported by a finding that 2% of these animals did attempt to bite when being picked up following the test. Flight was also considerably reduced (from 97%, averaged over a dozen studies of wild rats) to 57% in the Long -Evans laboratory rats.
These differences, in particular the virtual abolition of defensive threat/attack for laboratory rats, indicated the necessity of using wild rats should the test be employed for the purpose of evaluating potentially defense-reducing manipulations. Thus, pharmacological studies using this task (Blanchard et al., 1988 (Blanchard et al., , 1989a (Blanchard et al., ,b, 1991b Rodgers et al., 1990; Shepherd et al., 1993) routinely employed wildtrapped R. norvegicus and Rattus rattus. The task was labeled the Fear/Defense Test Battery to reflect that it involved those defensive behaviors (e.g. fear) that respond particularly to clearly present (manifest) and discrete threat stimuli; in contrast to threat that is anticipated, cued, or potential rather than present, also ambiguous or amorphous. This followed a well-established tradition in psychology (e.g. Freud, 1930; Estes and Skinner, 1941) of characterizing responses to the latter as anxiety.
These tests indicated that the benzodiazepine receptor agonists diazepam, chlordiazepoxide, and midazolam selectively reduced defensive threat vocalizations in wild rats with little additional effect (i.e. a reduction in flight with midazolam only, Blanchard et al., 1989a,b) . Buspirone and gepirone, both 5-HT 1A agonists, similarly reduced defensive threat vocalizations or defensive attack without impacting flight, avoidance, or freezing (Blanchard et al., 1988 (Blanchard et al., , 1989b . However, in the first use of mouse subjects in this situation (and with the long rat runway/alley), the 5-HT 3 antagonist, ondansetron, had essentially no effect on any of these defense measures (Shepherd et al., 1993) . Scopolamine hydrobromide and scopolamine methylbromide also produced no effect on rat defensive behavior in the Fear/ Defense Test Battery (Rodgers et al., 1990) .
The Anxiety/Defense Test Battery
The Anxiety/Defense Test Battery was designed specifically to include more ambiguous threat stimuli and to measure the defensive behaviors that selectively occur to these. That there are defensive behaviors different from flight, freezing, and defensive threat and attack had been made clear in studies of rats' responsivity to threat in a seminaturalistic situation, the Visible Burrow System (Blanchard and Blanchard, 1989) . The Visible Burrow System is a large enclosure containing an open ''surface'' area as well as tunnels and chambers (burrows) designed to be similar to those that rats (wild or laboratory) construct in dirt substrate, when this is available. When mixed-sex groups are allowed to live in such a colony for several days, they develop a routine of activity and a male dominance hierarchy that have proved interesting for other purposes. However, when a cat is briefly placed in the ''surface'' area and then removed, the behaviors of the colony animals change dramatically and durably. They flee to the burrows and freeze there, later showing a pattern of risk assessment that involves orientation to the openings of the surface while in a stretched posture, followed by stretched approaches to the surface, and episodes of head-poking to scan and sniff the surface. These risk assessment activities and others (e.g. the corner run) that may be more specific to the situation occur over a period of 20 h or so after removal of the cat, and during this time, other activities such as sexual behavior appear to be suppressed (Blanchard and Blanchard, 1989) .
These findings suggested that risk assessment is elicited specifically by potential threat stimuli. Logically, behavioral inhibition (reduction in normal activity) would be expected to occur whenever a strongly elicited behavior dominates; this includes responses to nonambiguous as well as ambiguous threat stimuli. However, in contrast to flight or freezing, both of which clearly preclude other activities while they occur, risk assessment may occur on a very intermittent basis over a long period of time such that one might expect it not to be incompatible with other behaviors. As the Visible Burrow System studies nonetheless indicated that risk assessment was associated with decreases in other activities, some internal inhibitory state appeared to be operative. Thus, both risk assessment and behavioral inhibition were incorporated into a rather loosely organized set of tasks collectively labeled the Anxiety/Defense Test Battery. Each of these included some type of ambiguously threatening stimulus; typically a cat odor, or even the cat itself, separated from the rat subject by a screen, making the cat's threat potential (if not the cat itself) somewhat ambiguous. In addition to risk assessment and inhibition of normal behaviors, freezing and proximic avoidance of such stimuli were possible. However, since the predator could not approach/contact the subject, no defensive threat or attack by the rat subject was ever seen in this situation.
When the classic benzodiazepine receptor agonist diazepam and chlordiazepoxide was administered in such situations (Blanchard et al., 1990a,b) , they produced more effects than had been seen in the Fear/Defense Test Battery. Both of these drugs reduced avoidance of the threat stimulus, as well as behavioral inhibition. They also altered risk assessment, albeit in a manner that was initially very puzzling. When risk assessment was evaluated in the context of predator odors, its baseline magnitude was high and both of these benzodiazepine receptor agonists reduced it; conversely when the actual cat was present, risk assessment was low, and both benzodiazepine receptor agonists increased it. 5-HT 1A agonists gepirone and 8-OH-DPAT produced similar patterns, except that 8-OH-DPAT failed to reduce risk assessment to the cat odor. In contrast to the benzodiazepine receptor agonists, however, they also reduced freezing (Blanchard et al., 1992 and unpublished results) .
On the basis of parallel effects in the Fear/Defense Test Battery and Anxiety/Defense Test Battery for the two benzodiazepine receptor agonists, both of them very commonly used anxiolytics, we suggested (Blanchard et al., 1993a ) that risk assessment, defensive threat/attack, and behavioral inhibition were particularly sensitive to anxiolytic drugs. The substantial agreement with this profile of effects for 5-HT 1A agonists, some of which had been utilized clinically as anxiolytics (Jacobson et al., 1985) , supported this view, as did findings that alcohol produced similar patterns of risk assessment and (at higher doses) reduced defensive threat/attack, albeit with a paradoxical low dose enhancement of the latter (Blanchard et al., 1990a (Blanchard et al., , 1992 . Ritanserin, a 5-HT 2A /5-HT 2C receptor antagonist, reduced risk assessment in the cat odor situation but was without effect on other Anxiety/Defense Test Battery measures. It has been reported to be clinically effective against some (Eison and Eison, 1994) but not all (Den Boer et al., 1995) types of anxiety. Specificity of this profile of effects was further emphasized by findings that drugs such as the 5-HT 3 receptor antagonists MDL 72222 and ondansetron were without effect in these models (Shepherd et al., 1993) . Although effective against chemotherapy-induced nausea and vomiting (Gregory and Ettinger, 1998) , 5-HT 3 receptor antagonists appear to have little systematic effect on anxiety in clinical populations (Broocks et al., 1998) . In addition, imipramine, which is effective against anxiety (e.g. McLeod et al., 2000; Russell et al., 2001) , produced significant and parallel effects on three of the four Anxiety/ Defense Test Battery measures shown to be systematically altered by the benzodiazepine and 5-HT 1A receptor agonists (Blanchard et al., 1993b) . Morphine, a drug that had produced decreases in defensive threat vocalizations similar to those of the classic benzodiazepine receptor agonists, in the Fear/Defense Test Battery, tended in the Anxiety/Defense Test Battery to produce changes opposite to those of anxiolytics. This lack of agreement is compatible with failure to find a systematic effect of morphine on anxiety in human studies (e.g. Kay and Healy, 1984) .
Although the bidirectional effect of anxiolytics on risk assessment to cat and cat-odor exposure was extremely consistent, it also presented an apparent paradox (Blanchard et al., 1991a) . If risk assessment reflected anxiety, why did anxiolytic drugs increase this measure in situations involving exposure to a cat? The rat Visible Burrow System provided an important clue, in that active risk assessment behaviors oriented toward the open area in which the cat had been presented occurred only after a several-hour-long period in which the rats primarily displayed freezing in the depths of the tunnels. During this period, the nonappearance of the cat or any further indication of its presence presumably acted to reduce both the intensity and the certainty of threat. As threat intensity declined and threat ambiguity increased, the animals began to approach the surface area entryways to peer out and scan the surface and eventually to reenter it. However, after a long period of intermittent risk assessment of a genuinely nonthreatening situation (i.e. the cat is not present), rats gradually reduce their levels of risk assessment and return to normal activities. This pattern indicated that in rats, the onset of risk assessment from a baseline of freezing reflects reduced defensiveness. However, when risk assessment is itself the predominant ongoing behavior, decreased risk assessment is also associated with reduced defensiveness. This view is compatible with findings that risk assessment is associated with gathering of information about the threat source (Pinel and Mana, 1989) as well as analyses (Blanchard et al., 1991a) of the role of these activities in maintaining or reducing defensiveness, in accord with the information that these activities provide concerning threat or danger. From this perspective, reduced risk assessment and decreased behavioral inhibition (i.e. enhancement of normal activity in the presence of threat) are seen as different aspects of the same process, and the extent to which they occur together in response to drugs (e.g. diazepam, chlordiazepoxide, gepirone, and imipramine) supports this interpretation.
The Mouse Defense Test Battery
The Mouse Defense Test Battery was developed specifically to provide a parallel mouse test to the rat Fear/Defense Test Battery and Anxiety/Defense Test Battery. Use of the (rat-scaled, i.e. 6 m long) Fear/Defense Test Battery with mice found flight and escape responses when the mice were chased and freezing when the oval runway was converted to a straight alley. In contrast to rats, mice were invariably able to evade close contact with an oncoming experimenter so that defensive threat and attack were not seen in this situation. When confined and approached by an anesthetized rat, they did show defensive threat and attack. Thus, except for the inability of the experimenter to corner and contact the mouse subject in this large alleyway, these responses appeared to be virtually identical to those of rats. Two mouse strains were compared in this study, and Swiss -Websters tended to show more defenses than C57BL/6N mice as did females compared to males.
However, other studies provided important indications of differences in mouse and rat defensive behaviors. A mouse Visible Burrow System study indicated that mice, unlike rats, display risk assessment behaviors in the presence of the cat itself. When the cat is placed in the surface area of the Visible Burrow System, mice do flee to the tunnels but quickly return to the surface area entries to briefly peer out at the cat before turning and running into the depths of the tunnels again. Each mouse does this several times in 10 min or so after the cat is introduced, whereas rats never do so. This burst of risk assessment activity is short-lived and the mice soon regroup to huddle together for hours before returning to the surface, but it did suggest that risk assessment might be embedded in the actual response of mice to the predator.
And so it proved. The Mouse Defense Test Battery represented first a scaling-down of the Fear/Defense Test Battery to fit the much smaller dimensions of mice compared to rats. Second, for obvious reasons of scale, an anesthetized rat was used in place of the human experimenter as a threat stimulus. This can be justified on the basis that rats are predators of mice (Nikulina, 1991) and that mice show an unconditioned aversive/defensive reaction to them (De Catanzaro, 1988) . Third, development of the Mouse Defense Test Battery involved additional examination of the behaviors of the mice while fleeing from the rat, and this yielded information on three behaviors that had not been observed during flight of rats from a chasing experimenter. While in flight, the mouse subjects would sometimes abruptly stop, look back at the oncoming rat, and even reverse direction, attempting to run past it. The ''stop'' and ''orientation'' components of this behavior appeared to relate to risk assessment, i.e. gathering of information about the threat stimulus, while the third was less certain, either risk assessment or a new flight tactic. Similarly, while freezing in the straight alley to a more slowly approaching threat, mice sometimes moved toward the rat, then reversed course to run back to the end of the alley. This was measured as the number of such ''approach -withdrawal'' movements and as time out of the first square of the alley. The latter measure reflected that mice approached by a rat in a straight alley take up a position in the end (''first'') square of the alley, which is divided into squares by lines on the floor. Time out of this square is a measure of approach to the rat.
It will have been noticed that the finding of risk assessment in mice during two separate phases of a Fear/Defense Test Battery-like protocol obviates the use of a separate set of Anxiety/Defense Test Battery-like procedures for eliciting these behaviors. The Mouse Defense Test Battery did not provide separate measures of behavioral inhibition, but following the logic outlined earlier, such behavioral inhibition appears to be strongly and perhaps nonspecifically associated with defensive behaviors, such that the individual evaluation of these makes its measurement less relevant. Similarly, the use of a much smaller runway/alley than that of the Fear/Defense Test Battery made it more difficult for mice to evade the oncoming threat source, with the result that they now showed reasonable levels of both defensive (sonic) threat vocalizations and actual biting attack to an oncoming rat. The behaviors evaluated in the Mouse Defense Test Battery thus constituted those taken directly from the rat Fear/Defense Test Battery (flight, measured as avoidance frequency and the distance between the threat stimulus and the subject when avoidance occurred); also, average and maximal flight speed (measured over a straight section of the alley), freezing, defensive threat (vocalizations) and defensive attack (jump attacks, biting), the risk assessment responses measured in the chase -flight (oval runway) and straight alley portions of the test, and a new ''contextual defense'' measure that involved attempts to escape the alley after the rat protocol had been completed. This could be compared to escape attempts during an initial period of identical length at the beginning of the test (before introduction of the rat) to assess whether rat confrontation had produced defensiveness to the apparatus (context) in which the rat had been presented. This pre-period also served as a measure of activity (line crossings) prior to rat exposure.
The Mouse Defense Test Battery: an experimental model of different emotional states: evidence from factor analysis
Factor analyses are commonly used to describe the relationship between different variables and, consequently, to identify specific indices or factors such as anxiety and locomotor activity. Thus, the question whether the different defensive responses elicited in the Mouse Defense Test Battery provide different measures of the same state or measure distinct states of defensiveness, fear, or anxiety has been approached by performing a factor analysis of the various behavioral defense reactions observed in the battery. The factor analysis identified four main independent factors (Griebel et al., 1996a) . Factor 1 included cognitive aspects of defensive behaviors that appear to be related to the process of acquiring and analyzing information in the presence of threatening stimuli (i.e. risk assessment). Flight responses heavily loaded on Factor 2. Several defensive threat/attack reactions (i.e. upright postures and biting) highly loaded on Factor 3, indicating that this factor reflects more affective-orientated defense reactions. Finally, Factor 4, which includes escape attempts in the absence of the rat, relates to contextual defensiveness. Together, this pattern is consistent with the idea that defense reactions of mice exposed to a threat stimulus may relate to different emotional states and perhaps that they may model different aspects of human anxiety.
To address this hypothesis further, a variety of different clinically effective and marketed anxiolytic agents have been tested in the Mouse Defense Test Battery. As will be shown below, the pharmacological findings with the Mouse Defense Test Battery suggest that certain defensive behaviors may be considered particularly relevant in modelling specific aspects of anxiety disorders. For example, the observation that there is a rather good correspondence in terms of drug effects between the clinical outcome in panic disorder and generalized anxiety disorder and the ability to modify flight and risk assessment responses, respectively, suggests that the latter behaviors may be considered particularly relevant in modelling some aspects of panic disorder or generalized anxiety disorder. Moreover, previous reports have suggested that there may be an isomorphism between risk assessment in the Mouse Defense Test Battery and several behaviors often described in generalized anxiety disorder patients (Blanchard et al., 1997b) such as apprehensive expectation and vigilance and scanning involving hyper-attentiveness (DSM-IV, 1994 ). In addition, the observation that panic disorder patients usually report an urgent desire to flee from where the attack is occurring (DSM-IV, 1994) , has led to suggestions that panic symptoms are due to pathological, spontaneous activation of neuronal mechanisms underlying flight reactions (Deakin and Graeff, 1991; Graeff, 1990) . As such, flight behaviors in the Mouse Defense Test Battery may model certain aspects of panic (Griebel et al., 1996b) .
GABA A -benzodiazepine receptor ligands
Introduced over 40 years ago, benzodiazepines quickly became the most widely used of all psychotropic drugs.
Their marked anxiolytic, hypnotic, anticonvulsant, and muscle relaxant properties and their relative safety rapidly elevated benzodiazepines to the treatment of choice for common and recurrent conditions such as generalized anxiety disorder, muscle tension, and insomnia. However, these compounds have come under critical review because of the problems of drug dependence, tolerance, suppression of rapid eye movement sleep, rebound insomnia, and amnesia (Lader, 1994; Woods and Winger, 1995) . Benzodiazepines produce their pharmacological effects by allosterically and positively modulating the action of GABA at GABA A receptors at specific ionotropic sites (Squires et al., 1979) . Over the last two decades, a search has been undertaken for compounds chemically unrelated to benzodiazepines that may produce fewer unwanted effects but retain therapeutic properties. This search has led to the development of drugs that selectively bind to specific GABA A receptor subtypes (e.g. the hypnoselective agent zolpidem, which recognizes preferentially the a 1 -containing GABA A receptor) (Depoortere et al., 1986) and/or show different efficacies at GABA A receptors (e.g. bretazenil, imidazenil, SL651498) (Giusti et al., 1993; Griebel et al., 2001b; Martin et al., 1988) . The heterogeneity of GABA A receptors has prompted speculation that a particular behavioral response might be associated with an action at a defined receptor subtype. This idea has been substantiated by several findings using either subtype-selective GABA A receptor ligands or mutant mice in which a specific GABA A receptor subunit is inactivated. For example, the anxiolytic-like action of the nonselective GABA A receptor agonist diazepam is absent in a 2 but not in a 1 or a 3 knock-in mice, suggesting a major role for the a 2 -containing GABA A receptor in the anxiolytic activity of benzodiazepines (Rudolph et al., 1999) . This idea was also explored by using the Mouse Defense Test Battery with a variety of compounds that either bind nonselectively to GABA A receptor subtypes or show subtype-selective affinity and/or efficacy to a defined GABA A receptor subtype (Table 1) .
Effects of nonselective GABA A -benzodiazepine receptor ligands in the Mouse Defense Test Battery
Nonselective GABA A -benzodiazepine receptor full agonists produce complex, but relatively similar, patterns of changes in defensive behaviors and, as it is discussed below, these changes differ somewhat from those seen with nonselective GABA A -benzodiazepine receptor partial agonists and subtype-selective GABA A -benzodiazepine receptor ligands. Results indicated that full agonists reduced markedly risk assessment activities observed in the chase test, defensive threat-attack reactions induced by physical contact with the rat, and escape attempts after the rat had been removed from the test area. Flight behaviors in response to the approaching rat were also reduced by these compounds, but to a lesser extent. Only the high-potency benzodiazepines, alprazolam, clonazepam, and triazolam, produced clear-cut and specific (i.e. at non-motor-impairing doses) reductions in this defensive response. Risk assessment, displayed when mice were constrained in a straight alley, was not modified by the full agonists, except by clobazam and diazepam. This difference in drug effects may be explained in part by the use of a modified version of the straight alley situation. In the earlier versions, the straight alley test was divided into three 15-s phases, using each a different distance between the mouse and the rat (i.e. 1.2, 0.8, and 0.4 m), whereas in the currently used version, the test consists of a single 30-s phase in which the rat stays at a constant distance of 0.4 m. It is possible that in the former situation, baseline levels of approaches followed by withdrawals (about three) were too high to be further increased, unlike the present version where baseline levels are close to zero. Together, these results indicate that defensive risk assessment, threat-attack reactions, and escape attempts show a consistent response to drugs used in the treatment of generalized anxiety disorder. Moreover, assuming that flight is an index of panic-like reactions, the findings of a lesser efficacy of nonselective GABA A -benzodiazepine receptor full agonists against flight are in agreement with clinical data indicating that these drugs are generally of limited utility in the management of panic disorder (Pollack and Rosenbaum, 1988) .
Results obtained with nonselective GABA A -benzodiazepine receptor partial agonists in the Mouse Defense Test Battery indicate that these drugs displayed weaker efficacy in affecting defensive behaviors than full agonists. Except for a clear reduction in risk assessment displayed in the chase test, these compounds modified only weakly defensive aggression, contextual anxiety, and flight (Table 1) . Interestingly, among the partial agonists tested in the Mouse Defense Test Battery, those displaying the lowest efficacy on the GABA A -benzodiazepine receptor complex (e.g. flavonoids, bretazenil) were also the least effective. Obviously, a high intrinsic efficacy at the GABA A -benzodiazepine receptor is required to affect the full-range of defensive behaviors elicited in the Mouse Defense Test Battery. Overall, the profile displayed by the nonselective GABA Abenzodiazepine receptor partial agonists in the Mouse Defense Test Battery suggests a weak potential of these drugs in anxiety disorders. Although these compounds have been available for some time (Haefely et al., 1990 ) and a few clinical trials with such agents have been carried out, little is known of their efficacy in the treatment of anxiety disorders (Potokar and Nutt, 1994) . It can be speculated that clinical results with these drugs were not disclosed because of their failure to show anxiolytic-like activity, thereby corroborating the findings from the Mouse Defense Test Battery.
Two other nonselective GABA A -benzodiazepine receptor ligands have been tested in the Mouse Defense Test Battery, the antagonist, flumazenil, and the inverse agonist Ro 19-4603. Both compounds produced a mixed profile of increased and decreased defensiveness, depending on the (Belzung et al., 1990) . The apparent paradoxical effect seen with Ro 19-4603 on contextual anxiety (i.e. decrease in escape attempts) has been suggested to reflect some relatively general reduction in locomotion (Griebel et al., 1995b) . Flumazenil did not affect the risk assessment measures, but it dramatically potentiated flight reactions while weakly, albeit significantly, reducing defensive aggression and contextual anxiety. The effects of flumazenil on flight may well fit with clinical observations that the drug is somewhat anxiogenic in healthy volunteers (Darragh et al., 1983; Duka et al., 1986; Schopf et al., 1984) and that it increases the frequency of panic attacks in panic disorder patients (Maddock, 1998; Nutt et al., 1990; Woods et al., 1991) . The weak agonist-like activity of flumazenil on defensive aggression is at first glance surprising, but it may fit with the idea that the drug can produce a GABA A -benzodiazepine receptor set point shift either toward the agonistic or the inverse agonistic direction, depending on the aversiveness of the situation (Belzung et al., 2000) .
Effects of subtype-selective GABA A -benzodiazepine receptor ligands in the Mouse Defense Test Battery
A wide variety of ligands are now known to interact selectively with GABA A -benzodiazepine receptor subtypes, and the field is being researched with increased vigour in an effort to produce more selective agents. While there are GABA A -benzodiazepine receptor ligands claimed in patents or shown to bind selectively for all benzodiazepine-sensitive GABA A receptor subtypes, mostly compounds selective for the a 1 receptor subtype have been studied in vivo (Griebel et al., 2000a) . Several of these drugs have been investigated in the Mouse Defense Test Battery (Table 1) . At non-motor impairing doses, the a 1 receptor subtype compounds either failed to affect flight (e.g. zolpidem, h-CCT) or weakly (e.g. abecarnil, CL 218,872, and zaleplon) reduced some but not all flight measures. These results on flight indicate that the a 1 receptor subtype cannot be considered as the primary target mediating the flight-reducing action of drugs interacting with the GABA A -benzodiazepine receptor complex and subsequently suggest that panic responses may not involve the a 1 receptor subtype. Only abecarnil and SX-3228 clearly decreased risk assessment activities during the chase test but the former only at motor-impairing doses as revealed by the pretest. Other compounds such as CL 218,872 and zaleplon weakly affected risk assessment during the chase test, while zolpidem, the most selective a 1 receptor subtype agonist tested in the Mouse Defense Test Battery so far, failed to alter risk assessment measures, suggesting that the a 1 receptor subtype does not mediate an effect on this particular defense response. Results from the forced contact and posttests are consonant with these findings as the a 1 receptor subtype ligands either reduced some defensive reactions in a nonspecific manner (e.g. zolpidem and abecarnil) or were devoid of any effects on these responses (e.g. CL 218,872, h-CCT). The only exception was zaleplon, which decreased both defensive reactions at doses much lower than those impairing general activity. Overall, however, the findings with a 1 -subtype ligands in the Mouse Defense Test Battery demonstrated neither clear effects nor specific action on defensive reactions, suggesting that the defense system does not primarily involve GABA A -benzodiazepine receptors bearing the a 1 unit.
Based on recent findings with mice having point-mutated diazepam-insensitive GABA A -benzodiazepine receptor subtypes, which showed that the anxiolytic-like effects of GABA A -benzodiazepine receptor agonists are mediated by the a 2 GABA A -benzodiazepine receptor (Low et al., 2000; Rudolph et al., 1999) , research for anxioselective compounds acting at the GABA A -benzodiazepine receptor subtypes has focused on the development of ligands that display functionally selective agonist activity at the a 2 GABA A receptor subtype. The recently discovered pyridoindole derivative SL651498 fulfills this criterion. In animal experiments, SL651498 elicited anxiolytic-like activity qualitatively and quantitatively similar to that of benzodiazepines, but unlike these latter, induced central depressant effects at doses much higher than those producing anxiolytic-like activity (Griebel et al., 2001b) . When tested in the Mouse Defense Test Battery, SL651498 markedly modified defensive behaviors (Table 1) . Prominent effects of the drug were observed on risk assessment activities and defensive attack reactions, but unlike the nonselective GABA A -benzodiazepine receptor full agonists, SL651498 did not modify contextual anxiety. Despite this latter observation, the overall profile of SL651498 in the Mouse Defense Test Battery points to a major role for the GABA A a 2 subtype in regulating defensive behaviors.
Selective and nonselective 5-HT-interacting drugs
Although benzodiazepines remain the mainstay of the treatment of anxiety disorders, preclinical research in this area has mainly focused on compounds modulating 5-HT (5-hydroxytryptamine) neurotransmission during the last two decades (Griebel, 1995; Griebel, 1997) . However, it is somewhat surprising to note that after all this research effort, only a few direct 5-HT-acting compounds have been launched for the treatment of generalized anxiety disorder (i.e. buspirone and tandospirone) (Barradell and Fitton, 1996; Fulton and Brogden, 1997) . In addition, only selective 5-HT re-uptake and monoamine-oxidase inhibitors have been successfully used in the chronic treatment of panic attacks, obsessive -compulsive, and posttraumatic stress disorders (Billett et al., 1997; Buller, 1995; Fichtner et al., 1997; Liebowitz et al., 1990; Priest et al., 1995; Westenberg, 1996) . Although interest in this research area has steadily decreased, novel 5-HT-modulating agents are still being developed. Much attention has focused on the behavioral effects of selective 5-HT 1A receptor ligands, but interest in drugs combining 5-HT 1A , 5-HT 2 , and/or 5-HT re-uptake inhibitor properties is increasing. The effects on defensive behaviors of a variety of these drugs have been investigated in the Mouse Defense Test Battery (Table 2) .
Effects of selective 5-HT 1A receptor ligands in the Mouse Defense Test Battery
The administration of 5-HT 1A receptor agonists, regardless of their intrinsic efficacy (i.e. partial or full), had no significant or specific effect on flight and risk assessment (Table 1) . While flight and risk assessment during the chase test remained unaffected up to very high doses, risk assessment elicited in the straight alley situation was decreased by 8-OH-DPAT and gepirone at doses that also dramatically reduced locomotor activity, thereby suggesting a nonspecific action on this defensive behavior. This was in contrast to the effects observed in the forced contact and posttests, where all 5-HT 1A receptor agonists tested clearly and specifically reduced defensive aggression and escape attempts, respectively. Although 5-HT 1A receptor agonists have no myorelaxant or ataxic effects, the severe reduction in activity seen in the pretest may be indicative of the appearance of the 5-HT syndrome, described in detail in subsequent studies using the runway apparatus (Blanchard et al., 1997a) . Based on the idea that flight may model certain aspect of a panic attack, the failure of 5-HT 1A receptor agonists to modify this defensive reaction is not unexpected since human studies provide undisputed evidence of a lack of efficacy of such agents in panic reactions (Pecknold et al., 1993; Pohl et al., 1989; Sheehan et al., 1990; Van Vliet et al., 1996; Westenberg et al., 1992) . Despite their clear effects on defensive aggression, a behavior proposed to reflect affective oriented aspects of generalized anxiety disorder, it is intriguing and puzzling that 5-HT 1A receptor agonists did not affect the highly benzodiazepine-sensitive risk assessment measure during the chase test. Although 5-HT 1A receptor agonists have been found effective against generalized anxiety disorder (Apter and Allen, 1999; Cutler et al., 1993; Rickels et al., 1997) , it is possible that there may be important differences between anxiety that is responsive to benzodiazepines as opposed to anxiety responsive to 5-HT 1A receptor agonists. However, this issue has been relatively little investigated on the human level. Unlike benzodiazepines, 5-HT 1A anxiolytics are active in the clinic only after repeated administration. It can, therefore, be speculated that 5-HT 1A receptor agonists would have produced a broader spectrum of activity on defensive behaviors in the Mouse Defense Test Battery after chronic administration. Unfortunately, no such experiments have been performed so far to verify this idea.
Studies using traditional rodent models of anxiety, such as the elevated plus-maze or conflict procedures, have demonstrated that the anxiety-reducing potential of 5-HT 1A receptor antagonists may be superior to that of full or partial agonists for this receptor (Cao and Rodgers, 1997a -c; Griebel, 1999a; Griebel et al., 2000b) . Results obtained in the Mouse Defense Test Battery with 5-HT 1A receptor antagonists largely agree with these findings (Table  2) . Overall, the profiles displayed by selective (e.g. WAY 100635, p-MPPI, and SL88.0338) and, to a lesser extent, nonselective 5-HT 1A receptor (e.g. antagonists in the Mouse Defense Test Battery are comparable to that of benzodiazepines, although the magnitude of the effects of the 5-HT 1A compounds was generally smaller. With the exception of one risk assessment measure (i.e. approach/withdrawal behavior in the straight alley test), selective 5-HT 1A receptor antagonists affected all other defensive responses in the presence of the threat stimulus. However, unlike 5-HT 1A receptor agonists and benzodiazepines, these compounds attenuated contextual anxiety only at high and mostly motor-impairing doses. Despite the latter result, these findings demonstrate that selective 5-HT 1A receptor antagonists produced clear anxiolytic-like effects in the Mouse Defense Test Battery. The precise mechanisms underlying the positive effects of 5-HT 1A receptor antagonists in anxiety models remain to be determined. These compounds have all demonstrated antagonistic-like activity on pre-and postsynaptic 5-HT 1A receptors. Based on the findings that exposure to aversive stimuli as in anxiety models increases 5-HT release, we would expect a 5-HT 1A receptor antagonist to attenuate this effect and, thus, display anxiolytic activity. However, further studies on this issue are clearly warranted. Clinical trials with 5-HT 1A receptor antagonists in patients with anxiety disorders will eventually determine whether such compounds may be useful in the treatment of these conditions.
Effects of selective and nonselective 5-HT 2 receptor antagonists in the Mouse Defense Test Battery
Evidence supporting a role for 5-HT 2 receptors in anxiety mainly arises from early clinical observations showing that the nonselective 5-HT 2A/2B/2C receptor antagonist ritanserin was shown to be effective in improving several anxiety disorders, including panic and generalized anxiety disorder (Ceulemans et al., 1985; Humble et al., 1986) . However, negative results with ritanserin and other 5-HT 2 receptor antagonists have been reported in subsequent clinical trials (Den Boer and Westenberg, 1990; Sramek et al., 1995; Westenberg and Den Boer, 1989) . In behavioral tests with laboratory animals, the effects of 5-HT 2 receptor antagonists on anxiety-related behaviors are highly variable (Griebel, 1995 (Griebel, , 1997 . The few 5-HT 2 receptor antagonists tested in the Mouse Defense Test Battery did not reveal reliable effects of these compounds on defensive behaviors (Table 2) . Only the 5-HT 2A receptor antagonist pirenperone was able to attenuate several defensive reactions, including flight, defensive aggression, and contextual anxiety. While the effect on flight was observed at non-motor-impairing doses, the action of pirenperone on the two latter defensive responses occurred at , the marked and specific attenuation of most defensive behaviors seen following the administration of the mixed 5-HT 1A/2A receptor antagonist S21357 is probably due to its antagonistic action at the 5-HT 1A receptor.
Effects of 5-HT re-uptake and monoamine-oxidase inhibitors in the Mouse Defense Test Battery
Because clinical data indicate that selective 5-HT reuptake inhibitors and monoamine-oxidase inhibitors require long-term treatment to achieve therapeutic response, these compounds were administered both acutely and repeatedly in the Mouse Defense Test Battery. After single administrations, the mixed 5-HT/NA re-uptake inhibitor imipramine, the selective 5-HT re-uptake inhibitor fluoxetine, and the monoamine oxidase inhibitors befloxatone, moclobemide, and phenelzine did not decrease any of the defense responses in a specific manner (Table 2) . Instead, imipramine and fluoxetine potentiated flight responses and defensive biting. In sharp contrast with this profile, chronic administration of the two drugs decreased both measures. In addition, imipramine and fluoxetine also decreased risk assessment activities when subjects were chased by the rat and escape attempts after the removal of the rat. After repeated administration of the monoamine-oxidase inhibitors, a significant reduction in flight was observed. In addition, befloxatone and phenelzine increased risk assessment responses when mice were constrained in one part of the apparatus facing the rat, which remained at a constant distance. No other drug effects were observed with these compounds.
The efficacy of fluoxetine, imipramine, and phenelzine in the treatment of panic disorder is well established (Ashok Raj and Sheehan, 1995; Garakani et al., 1984; Solyom et al., 1991) . As such, their clear effects on flight in the Mouse Defense Test Battery indicates further that this behavior may represent a relatively reliable measure of certain aspects of panic disorder. Interestingly, the behavioral changes produced by chronic phenelzine in the Mouse Defense Test Battery were associated with a dramatic increase in 5-HT levels, while levels of dopamine and norepinephrine increased only slightly (Griebel et al., 1998a) . This result suggests that the effects of phenelzine on flight may be due mainly to its action on the 5-HT system, which is in agreement with the well-accepted idea that 5-HT plays a crucial role in panic disorder (Bell and Nutt, 1998) . Furthermore, some of these compounds (i.e. imipramine, fluoxetine, and phenelzine) partially affected defensive threat/attack responses and/or risk assessment activities, effects that may also corroborate clinical findings showing that these drugs have a broad spectrum of therapeutic activity against anxiety disorders (Modigh, 1987; Zohar and Westenberg, 2000) . In addition, the finding of a potentiation in some defense reactions (i.e. flight and bitings) after a single dose of imipramine and fluoxetine fits well with the clinical observation of an exacerbation in anxious responses, which may sometimes occur at the beginning of treatment with imipramine or with a selective 5-HT re-uptake inhibitor (Westenberg, 1996; Westenberg and Den Boer, 1993) .
Neuropeptides and neuropeptide receptor ligands
The treatment of anxiety disorders remains an active area of research, and anxiolytic drug discovery focuses more and more on the involvement of neuroactive peptides in the modulation of anxiety behaviors. Among these, corticotropin-releasing factor (CRF), cholecystokinin (CCK), and tachykinins (substance P and neurokinin A and B) have been the most extensively studied, but the involvement of other neuroactive peptides such as neuropeptide Y, arginine vasopressin, nociceptin/orphanin FQ, and neurotensin has also been examined (Aguilera and Rabadan-Diehl, 2000; Griebel, 1999b; Rowe et al., 1995; Smith and Moran, 2001 ). Specific and highly potent non-peptide receptor ligands have been discovered and developed for most of these peptides Calo et al., 2000a; Dunlop, 1998; Gully et al., 1993; McCarthy et al., 1999; Serradeil-Le Gal et al., 2002) . A few of them have been tested in the Mouse Defense Test Battery and as will be shown below, they yielded behavioral profiles in this procedure that differed from those observed with benzodiazepines.
Effects of CRF receptor antagonists in the Mouse Defense Test Battery
A rapidly increasing number of preclinical and clinical studies have emphasized the pivotal role of CRF in coordinating the overall response of the body to stressors (for a recent review, see Holsboer, 1999) . Much of the evidence comes from experiments showing that intracerebroventricular application of CRF in rodents produces behavioral effects similar to those observed when animals are exposed to stress. Moreover, it is well acknowledged that CRF is the major hypophysiotropic factor regulating basal and stress-induced release of adrenocorticotropic hormone (ACTH) and hendorphin (Vale et al., 1981 (Vale et al., , 1983 . The effects of CRF are mediated by two specific G protein-coupled 7-transmembrane domain receptors called CRF 1 and CRF 2 (Chalmers et al., 1996) . Tissue distribution analysis showed that CRF 1 receptor expression is most abundant in neocortical, cerebellar, and limbic structures, whereas CRF 2 receptor expression is generally localized in subcortical structures, notably in the lateral septum and various hypothalamic areas (Chalmers et al., 1995) . This anatomical information provided a basis for functional hypotheses related to CRF receptor subtypes and suggested that CRF may contribute significantly both to behavioral responses to stress and emotional behavior itself. As a result, it was hypothesized that CRF receptor antagonists may represent a novel class of agents for the treatment of anxiety disorders (Gutman et al., 2000) .
Several synthetic CRF 1 receptor antagonists have been tested in the Mouse Defense Test Battery. Results showed that they attenuated some, but not all, defensive behaviors (Table 3) . They produced inconsistent effects on flight and weakly affected risk assessment behaviors. While SSR12 5543A and CP-154,526 significantly reduced avoidance responses, antalarmin failed to modify these measures, and PD171,729 produced nonspecific effects. Furthermore, risk assessment displayed by mice in the chase test was significantly, albeit only weakly and non-dose-dependently, reduced by antalarmin and CP-154,526. When mice were constrained in a straight inescapable alley, the administration of the CRF 1 receptor antagonists did not produce significant changes in risk assessment activity. In contrast, upon forced contact with the rat, they all showed markedly reduced defensive aggression. These effects are unrelated to motor impairment, as activity measures recorded before the confrontation with the rat were not significantly altered by the drugs. Finally, after the removal of the rat from the apparatus, only PD171,729 and CP-154,526 significantly, but again non-dose-dependently, counteracted the dramatic increase in escape attempts. Overall, the profile displayed by CRF 1 receptor antagonists in the Mouse Defense Test Battery differed from that of benzodiazepines. While these latter drugs modified both cognitive and affective aspects of defensive behaviors and produced clear effects on contextual anxiety, and to a lesser extent, on flight, the CRF 1 receptor antagonists are mostly active on affective aspects of defensive behaviors (i.e. on terminal defense, when there is no possibility to escape, and confrontation with the threat stimulus becomes unavoidable).
Effects of CCK receptor antagonists in the Mouse Defense Test Battery
CCK is recognized as the most widely distributed neuropeptide in the brain (Hokfelt et al., 1985) . Two forms of CCK receptors have been characterized pharmacologically for their responsivity to the sulfated (CCK 1 ) or unsulfated (CCK 2 ) forms of CCK (Moran et al., 1986) . While CCK 1 receptors are expressed in the alimentary tract and discrete regions of the brain (e.g. area postrema, posterior hypothalamus, and nucleus accumbens), CCK 2 receptors are widely distributed in the central nervous system (e.g. limbic structures) (De Weerth et al., 1993; Pisegna et al., 1992) . The neuroanatomical distribution of CCK has prompted speculation about its functional role in anxiety disorders and has fueled both basic research and commercial interest in the CCK system, leading to numerous studies that investigated the behavioral action of CCK fragments and CCK receptor ligands in animal models of anxiety (Griebel, 1999b) .
In the Mouse Defense Test Battery, pretreatment with the CCK 1 receptor antagonist lorglumide did not modify any of the behavioral measures during the exposure to the rat (Table 3) . After the administration of the CCK 2 receptor antagonists, PD 135,158 and LY 288513, flight responses were significantly decreased, while all risk assessment measures and defensive aggression remained unchanged. In addition, none of the CCK receptor antagonists were able to counteract the increase in escape attempts from the runway following the removal of the rat from the test area. The profiles displayed by the CCK receptor antagonists in the Mouse Defense Test Battery largely confirm findings from traditional anxiety tests, which indicated that these compounds have a weak anxiety-reducing potential (Griebel, 1999b) . The positive effects of PD 135,158 and LY 288513 on flight, however, fit well with the general assumption that antagonists targeting CCK 2 receptors may have some efficacy against panic disorder. Although few studies demonstrated that the CCK 2 receptor antagonist L-365,260 reversed panic attacks elicited by pharmacological challenge (e.g. sodium lactate, CCK-4, and pentagastrin) (Bradwejn et al., 1994 (Bradwejn et al., , 1995 Lines et al., 1995) , two placebo-controlled trial of CCK 2 receptor antagonists on naturally occurring panic attacks failed to detect clinically significant differences between drug and placebo (Kramer et al., 1995; Pande, 1997) . Therefore, it is not clear whether the effects of PD 135,158 and LY 288513 on flight are predictive of an antipanic-like action of the drugs or relate to behavioral processes not associated with anxiety.
Effects of tachykinin receptor ligands in the Mouse Defense Test Battery
The tachykinin neuropeptide family includes substance P, neurokinin A, and neurokinin B. Their biological actions are mediated via the activation of three receptors: the tachykinin NK 1 , tachykinin NK 2 , and tachykinin NK 3 receptors (Regoli et al., 1994) . While tachykinin NK 1 and tachykinin NK 3 receptors are widely distributed in the CNS, the tachykinin NK 2 receptor is found centrally with considerably lower levels (Maggi, 1995; Otsuka and Yoshioka, 1993) . All three types of tachykinin receptors are located in brain areas implicated in the control of fear and anxiety, such as the hypothalamus, amygdala, hippocampus, and periaqueductal gray matter (Otsuka and Yoshioka, 1993) . The neuroanatomical distribution of tachykinin receptors has led to numerous studies that investigated the behavioral action of tachykinin receptor ligands in animal models of anxiety (Griebel, 1999b ). An overview of these findings shows that unlike selective tachykinin NK 1 and tachykinin NK 3 receptor antagonists, which have variable effects in anxiety models, selective tachykinin NK 2 receptor antagonists produce clear anxiolytic-like activity, especially in models based on exploratory responses.
The administration of substance P, the preferred endogenous peptide for the NK 1 receptor, did not dramatically modify the behavior of mice in the Mouse Defense Test Battery, indicating that the modulation of defensive behaviors does not primarily involve the NK 1 receptor (Table 3) . However, the drug produced a weak reduction in flight, and decreased defensive aggression at the highest dose was tested (1 mg/kg, s.c.). Surprisingly, the tachykinin NK 1 receptor antagonists, 994 , produced similar reductions in flight and defensive aggression. A number of research groups have found that substance P displays anxiolytic-like effects, whereas others have reported a lack of activity or even an anxiogenic-like profile (Griebel, 1999b) . It has been suggested that the effects of substance P in anxiety models may be dependent on dose, administration route, and specific brain region.
When tested in the Mouse Defense Test Battery, the selective tachykinin NK 2 receptor antagonists, GR159897, SR48968, and SR144190, decreased weakly flight, and the two former reduced risk assessment activities as well as contextual anxiety. When contact was forced between threat stimulus and subject, all three tachykinin NK 2 receptor antagonists markedly reduced bites to the rat. Overall, the behavioral profile displayed by the tachykinin NK 2 receptor antagonists in the Mouse Defense Test Battery is consistent with an anxiolytic-like action. However, while they are much less efficient than classical anxiolytics such as benzodiazepines on responses which include flight measures and cognitive aspects of defensive behaviors, they appear to be as effective as benzodiazepines on more affective-orientated defense reactions. The exact mechanisms underlying the marked effects of tachykinin NK 2 receptor antagonists on defensive threat and attack behaviors remain to be determined. In the case of SR48968, the lack of significant effects in the Mouse Defense Test Battery of its (R)-enantiomer SR48965 (Griebel et al., 2001c) , which shows only weak affinity for the tachykinin NK 2 receptor site, indicates that tachykinin NK 2 receptor blockade may be necessary to produce such effects. Moreover, it has been suggested that tachykinin NK 2 receptor antagonists may produce some of their in vivo effects by interacting with other neurotransmitters such as CRF (Steinberg et al., 2001 ). This idea may be substantiated by the observation that CRF 1 and tachykinin NK 2 receptor antagonists display quite similar profiles in the Mouse Defense Test Battery.
Effect of the neurotensin receptor antagonist SR48692 in the Mouse Defense Test Battery
The 13-amino-acid peptide neurotensin displays a wide spectrum of physiological activities, including notably a role as neuromodulator in the brain (McCann et al., 1982; Nemeroff et al., 1983; St. Pierre et al., 1980) . The abundance of the peptide and its two receptors (i.e. neurotensin NT 1 receptor and neurotensin NT 2 receptor) in the hypothalamus and the central nucleus of the amygdala suggests a central role in the regulation of endocrine responses to external events or in the alteration of emotional tone, functions thought to be controlled by the amygdala (Roberts et al., 1982; Elde et al., 1990; Sarret et al., 1998; Walker et al., 1998) . Central administration of neurotensin was reported to increase plasma levels of ACTH and corticosterone (Gudelsky et al., 1989; Nicot et al., 1994; Nicot et al., 1997) . Psychological stressors, such as non-escapable tail electric shock in rats, were found to increase neurotensin mRNA within the medial parvocellular region of the paraventricular nucleus of the hypothalamus (Helmreich et al., 1999) . Neurotensin receptor blockade by the non-peptide neurotensin NT 1 receptor antagonist SR48692 was found to attenuate restraint stress-induced elevations in hypothalamic pituitary adrenal activity , but it was without effect in a variety of different classical animal models of anxiety in rodents (Griebel et al., 2001a) . When tested in the Mouse Defense Test Battery, SR48692 decreased flight reactions, although the magnitude of the effects was less than that observed with benzodiazepines and antipanic agents (Table 3) . During both the chase and the straight alley tests, SR48692 modified risk assessment activities. As was the case in the rat avoidance test, the magnitude of the effects of SR48692 was generally smaller than that of benzodiazepines. However, when contact was forced between threat stimulus and subject, SR48692 clearly reduced defensive threat and attack reactions. Finally, in the posttest, following removal of the rat from the apparatus, SR48692 decreased escape attempts from the test apparatus.
Together, the data from the Mouse Defense Test Battery indicate that SR48692 has weak to no effects on several behavioral measures primarily modified by benzodiazepines. However, they indicate that neurotensin receptor blockade may play a role in the adaptive responses to unavoidable or extreme stress events. Previous studies have revealed the existence of an interplay between neurotensin and CRF at the level of the paraventricular nucleus of the hypothalamus , leading to the possibility that SR48692 may exert its effects on defense via blockade of the increase in hypothalamic pituitary adrenal activity produced by rat exposure stress.
Effect of the arginine vasopressin V 1b receptor antagonist SSR149415 in the Mouse Defense Test Battery
The nonapeptide arginine vasopressin participates in the hypothalamic pituitary adrenal axis, regulating pituitary ACTH secretion by potentiating the stimulatory effects of CRF. Extra hypothalamic arginine vasopressin-containing neurons have also been characterized in the medial amygdala, which innervate limbic structures such as the lateral septum and the ventral hippocampus (De Vries and Buijs, 1983) . In these latter regions, arginine vasopressin exerts a neuromodulatory role via an action on specific receptors, i.e. V 1a and V 1b (Lolait et al., 1995; Vaccari et al., 1998; Young et al., 1999) , which are widely distributed in the central nervous system (Lolait et al., 1995; Morel et al., 1992) . Several findings suggest that arginine vasopressin may be involved in the modulation of emotional processes primarily via the V 1b receptor subtype. For example, chronic immobilization stress has been shown to increase V 1b receptor mRNA levels in the rat brain (Aguilera and Rabadan-Diehl, 2000) . Selective blockade of the V 1b receptor by the nonpeptide antagonist SSR149415 was shown to block restraint stress-induced ACTH release (Serradeil-Le Gal et al., 2002) and produce anxiolytic-like activity in several procedures (Griebel et al., 2002a) . The magnitude of these effects was overall less than that of the benzodiazepine anxiolytic diazepam in classical anxiety tests such as the elevated plus-maze. However, SSR149415 produced marked effects in models involving traumatic social confrontation. The results from the Mouse Defense Test Battery are in line with these findings as SSR149415 failed to modify significantly risk assessment and contextual anxiety and only weakly affected flight, but it produced clear-cut effects on defensive aggression when mice are directly confronted with the rat (Table 3 ).
Effects of the OP 4 endogenous peptide nociceptin/ orphanin FQ in the Mouse Defense Test Battery
The heptadecapeptide nociceptin/orphanin FQ is a recently discovered neuropeptide that exhibits structural homology with the opioid peptides and binds to an opioid-like G protein-coupled receptor (called OP 4 ) (Calo et al., 2000b; Meunier et al., 1995; Reinscheid et al., 1995) . The neuroanatomical distribution of nociceptin/orphanin FQ and its receptor in brain areas known to play a role in the modulation of emotional processes (Anton et al., 1996) has led several groups to investigate the effects of central administration of nociceptin/orphanin FQ in anxiety models. The neuropeptide was found to exert anxiolyticlike action in the elevated plus-maze and light/dark tests (Jenck et al., 1997) and prevented stress-induced anorexia (Ciccocioppo et al., 2001 ). In the Mouse Defense Test Battery, nociceptin/orphanin FQ attenuated some, but not all, defensive behaviors, thereby confirming that it may modulate emotional behaviors (Table 3) . Risk assessment measures remained unaffected by nociceptin/orphanin FQ, and flight was only decreased at a dose that did also reduce locomotor activity, indicating a nonspecific action of the peptide. In contrast, nociceptin/orphanin FQ clearly and specifically attenuated defensive aggression. The finding that nociceptin/orphanin FQ had positive effects only on terminal defense reactions, displayed when stressful stimuli are unavoidable, suggests that the nociceptin/orphanin FQ system is activated primarily in highly stressful situations. Whether this may indicate that the nociceptin/orphanin FQ system may play a role in the adaptive responses to unavoidable or extreme stress stimuli remains to be established. However, this idea would be in agreement with studies showing that nociceptin/orphanin FQ deficient mice displayed anxiolytic-like activity in stressed animals only (Jenck et al., 2000; Köster et al., 1999) .
6.7. Effects of the corticotropin release-inhibiting factor prepro-thyrotropin-releasing hormone 178 -199 in the Mouse Defense Test Battery Prepro-thyrotropin-releasing hormone ), an intervening peptide of TRH prohormone, has corticotropin release-inhibiting properties, inhibiting both basal and stress-stimulated ACTH secretion in the anterior pituitary (Redei et al., 1995a,b) . The peptide has also been localized in several brain areas that are not linked directly to control of pituitary hormone secretion, such as the periaqueductal gray and the lateral septum (Liao et al., 1988) . These observations led to the suggestion that prepro-TRH 178 -199 might modulate behavioral reactions to stress. The idea was confirmed by several findings, which showed that the peptide produced anxiolytic-like activity in several classical anxiety tests, including the light/dark and elevated plus-maze tests (McGivern et al., 1997; Stahl et al., 2002) . However, it is important to note that the effects displayed by prepro-TRH 178 -199 in these procedures were weak and not dose-dependent. When tested in the Mouse Defense Test Battery at the same dose range and administration route as in these studies, prepro-TRH 178 -199 was devoid of activity on all defensive behaviors (Table 3 ). The reason for this difference is unclear, but it is worth mentioning that the peptide was also inactive in the light/dark and elevated plus-maze tests and several other anxiety models in our laboratory (unpublished data), thereby questioning the validity of the weak anxiolytic-like effects observed in previous studies.
Effects of the immunomodulator tuftsin in the Mouse Defense Test Battery
The idea that immunoregulators may play a role in the nervous system is now widely accepted (Plata Salaman, 1991) . Particular attention has been paid to the tetrapeptide tuftsin and its analogs, which, in addition to their action on the immune system, have been demonstrated to modulate brain monoaminergic systems (Siemion and Kluczyk, 1999) . Notably, it was found that tuftsin normalized dopamine, noradrenaline, and 5-HT contents in several brain areas following stress (Klusha et al., 1987; Semenova et al., 1989; Seredenin et al., 1995) . More importantly, tuftsin and its heptapeptide analogue (Thr-Lys-Pro-Arg-Pro-Gly-Pro) displayed comparable anxiolytic-like activity to benzodiazepines in several exploration tests and in a conflict procedure, respectively (Nader and Barrett, 1989; Seredenin et al., 1998) . The profile displayed by tuftsin in the Mouse Defense Test Battery is in agreement with these latter findings as the peptide attenuated clearly all defensive behaviors without decreasing locomotor activity (Table 3) , thereby showing benzodiazepine-like anxiolytic activity in this model. Although the exact mechanisms underlying these effects remain largely unknown, they involve probably a modulatory action of monoaminergic systems. Future studies will hopefully investigate further the anxiety-reducing potential of tuftsin as it may represent an innovative target for the development of new anxiolytics.
Summary
The Mouse Defense Test Battery was specifically developed on the basis of previous rat defense test batteries. These, the Fear/Defense Test Battery and Anxiety/Defense Test Battery, had also provided information on specific defense effects of a number of anxiolytic or potentially anxiolytic drugs, effects that could be, and overwhelmingly have been, confirmed by results of Mouse Defense Test Battery drug studies. Analyses of the behaviors measured in the Mouse Defense Test Battery suggest four factors, each potentially relating to particular aspects of defensiveness. The differential responsivity of these factors to drugs effective against generalized anxiety disorder or panic disorder indicates that the Mouse Defense Test Battery is a specific and appropriate tool for preclinical drug testing for these conditions and raises the possibility of additional links to particular types or aspects of anxiety. The Mouse Defense Test Battery may, therefore, have unusual heuristic utility, suggesting specific questions about the behavioral phenomenology of human anxiety disorders, and providing a behavioral basis for implicating particular brain systems in their expression.
